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                                                  ABSTRACT 
 
The high price of cancer drugs has become a world-wide phenomenon. In recent decades, 
studies have produced ample evidence of rising research and clinical testing costs underlying 
pharmaceutical innovations. There is a general concurrence that the current model of drug 
development needs a thorough streamlining. It is also alleged that the prices of new anticancer 
agents seem to be decided by pharmaceutical companies, according to what the market will 
bear, in a producer-dominated market. Studies have noted with concern that there is a little 
correlation between the actual efficacy of a new drug (in terms of prolonging a patient’s life in 
years, or quality-adjusted life-years (QALYs) and its price. The present study is an attempt to 
address some major challenges which are: (i) how to increase the overall pace of innovation 
(R&D productivity); (ii) how to control the costs and prices of new innovative drugs; (iii) how to 
direct more innovation to areas where social returns are highest; and (iv) how to improve 
patients’ timely access to innovative medicines while balancing ‘safety’ concerns.  
 
Primary proposals suggested in recent literature to deal with the above challenges include, 
among others, (a) modernization of  the drug development process  through  ‘open models’ of  
strategic partnerships (between government, academia, and industry), (b) adoption of a  value-
based pricing system,  (c) promotion of ‘Personalized/targeted Medicine’, (d) introduction of  
evidence-based  decision making by stakeholders based upon ‘comparative effectiveness 
research’(CER) analysis,  and (e) implantation of regulatory  reforms in  drugs’ evaluation and 
approval practices. The present study makes an attempt to shed light on the above challenges 
and proposals. 
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1. Introduction: Cancer Drugs Prices 
The high price of cancer drugs has become a world-wide issue. The average cost per month of 
branded oncology drug treatment in the U.S. is now about $10,000, up from an average of 
$5,000 a decade ago (IMS 2014, Oncology Trend Report).  As per the report of the Canadian 
Cancer Society (2009), the price tag of the average cost per course of treatment with newer 
cancer drugs is reported to be CAD $65,000. What is more disconcerting to note is that with 
each advance in treatment, the magnitude of the increase in the cost of treatment exceeded the 
magnitude of improvement in  efficacy, thus making each treatment advance less cost-effective 
than the one that preceded it (Bach 2009). Rising costs are not only an issue of affordability in 
terms of direct payment, but there is the added danger of out-of-pocket expenses which often 
cripple individuals in their quest for good treatment. High prices raise questions of crowd-out of 
other services in payer budgets, affordability of copayments to patients, and concern whether 
the health benefits gained warrant the high cost. These concerns reflect the broader challenge 
of assuring value for money in health care (Danzon & Taylor 2010).  
   
The problems posed by high and rising prices have led researchers to examine in more details 
the underlying causes. There is now a general consensus that the current model of drug devel-
opment (right from basic research, discovery of the medicine, preclinical development tests, 
clinical trials with humans, and to regulatory approval stage), and current market environment, 
including pricing behavior of firms, needs thorough streamlining. The inefficiency of the current 
model is manifested in many ways. First, high attrition rates during all phases of clinical trials 
result in high cost of new drugs with the consequences that some people are being denied 
access. Since the past few years, steadily declining R&D efficiency (measured in terms of the 
number of new drugs brought to market by the global bio-technology and pharmaceutical 
industries per billion US dollars of R&D spending) has had critical  implications of productivity 
growth for the entire biomedical research enterprise,  especially for the ability of this "enterprise" 
to provide a steady flow of life-saving/life-enhancing new medicines for a whole host of diseases 
(unmet medical needs like cancer and Alzheimer's disease) and at affordable costs/prices.  
 
Second, several concerns have been expressed in press and academic journals in regard to the 
competition-restricted market environment in the drugs industry. Kelly et al (2014) argue that 
profiteering (the practice of making profit by unethical methods, such as raising prices after 
natural disasters) could be applied to this recent trend, where a life-threatening disease is the 
natural disaster. In addition, collusive practices of pay-for-delay deals tend to reduce 
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competitive pressures from generic drugs makers. The prices of new anti-cancer agents seem 
to be decided by pharmaceutical companies, in a producer-dominated market, according to 
what the market will bear (Kantarjian et al., 2013).  If drug price reflects the value, then it should 
be proportional to the benefit to patients in objective measures, such as survival prolongation, 
degree of tumor shrinkage, or improved quality of life.  Studies have noted little correlation 
between the actual efficacy of a new drug (in terms of prolongation of patient’s life in years, or 
quality-adjusted life-years, QALYs) and its price.  
 
Bio-similars cannot be considered 'generic' equivalents of innovator products as they are not 
necessarily clinically interchangeable and in some cases they may exhibit different therapeutic 
effects. Thus, biological drugs, after the expiry of their patents, pose special problems in regard 
to promoting competition in market. Unlike small-molecule, chemically synthesized drugs and 
biologic cancer therapies have often faced no competition, even after their patent expires, 
because historically there was no path for the development of generic biologics.  
Biopharmaceuticals (“biologicals”)1 constitute a growing segment of the medicines market. In 
the USA, the Biologics Price Competition and Innovation Act of 2009, (which was part of the 
Patient Protection and Affordable Care Act of 2010), set in motion a regulatory process for 
approval of “generic” biologic medications (biosimilars). In order to gain FDA approval, the 
manufacturer must demonstrate that the biosimilar product is highly similar to the approved 
biologic (Duetzina et al., 2014). These therapies, however, may pose special challenges 
because of the complexity of both the products themselves and of the manufacturing processes. 
 
Scope and Plan of the Study 
It is true that while dealing with grave and complex ailments like cancer, consideration should be 
given to the entire spectrum of interventions, including prevention and screening strategies as 
well as diagnosis, treatment, and hospital care. The present paper, however, limits its focus to 
issues relating to cancer drugs interventions only.  
 
With regards to drugs development, some significant challenges need to be delineated. These 
include: (i) how to increase the overall pace of innovation (R&D productivity), (ii) how to control 
the costs and prices of new innovative drugs, (iii) how to direct more innovation into areas 
                                                          
1
 Biosimilars have also been referred to in other terms: follow‐on‐biologics (the usual name in the 
US), subsequent entry biologics (Canada), similar biotherapeutic products (WHO), biogenerics, 
biocomparables, follow‐on proteins, etc. 
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where social returns are highest, and (iv) how to improve patients’ timely access to innovative 
medicines while balancing the ‘safety’ concerns. One of the formidable tasks to tackle these 
challenges lies in rationalizing the entire drug development cycle --from discovery to final 
approval--  in a way that successfully incorporates the new scientific advances, and promotes 
innovative effective therapies at an accelerated pace. Primary proposals suggested in recent 
literature include, among others, (a) modernization of the drug development process through 
‘open models’ of strategic partnerships (between government, academia, and industry), (b) a 
value-based pricing system, (c) promotion of “Personalized/targeted Medicine’, (d) evidence-
based decision making by stakeholders based upon ‘comparative effectiveness research’ (CER) 
analysis, and (e) regulatory reforms in the drugs evaluation and approval practices. Figure 1 
provides a pictorial view of suggested measures for restraining the costs of cancer drugs 
through improving productivity and regulatory reforms. 
 
With a view to shedding light on the above issues, the paper is divided into four sections, 
including the ‘Introduction’ section above. The second section, using the 'Pharmaceutical Value 
Equation' (Paul et al., 2010), describes an R&D model that analyzes productivity in terms of its 
two major constituents - R&D efficiency and effectiveness of drugs. R&D efficiency, which refers 
to the number of new drugs approved per billion US dollars spent on R&D, has been declining 
for the past few years. The problem of declining R&D efficiency, as suggested by researchers, 
emanates from the current level of high attrition rates, particularly in phase II and phase III of the 
drugs development path. In this part of section 2, the paper reviews some major studies that 
examine the underlying problems of declining efficiency and suggests proposals for accelerating 
R&D efficiency. The next subsection of section 2 deals with the drug effectiveness component 
of R&D productivity. To improve the effectiveness of drugs, two key measures that merit special 
attention include the value-based pricing principle and the emerging challenge of promoting 
“personalized medicines”. Under value-based pricing agreements, payers and pharma 
companies agree to link payment for a medicine to value achieved (e.g., outcome or 
performance variables of interest like quality of life), rather than volume (Neumann et al 2011). 
‘Personalized’ cancer treatment - that identifies discrete genes, proteins, or other indicators that 
can differentiate one type of cancer from another, and thus enables the use of highly tailored 
therapies--offers tremendous potential for improved outcomes and lower treatment costs.  
 
The development of new and innovative drugs necessitates  addressing   additional  policy 
initiatives, involving improved decision making by all stakeholders (patients, physicians, drug 
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makers, payers, and regulators) as well as  policies that  balance  the need for faster and timely 
access to new medicines by patients and ‘safety’ concerns arising from risks and uncertainties 
associated with the novel  therapies. Stakeholders have emphasized a vivid need to shift the 
center of gravity of pharmaceutical R&D. This will help them design drugs around patients when 
the morbidity of the disease is significant or when the disease is potentially life-threatening. In 
other words, this will lead to a redesigning of the drug development pathway that will make 
valuable (innovative) medicines available to the needy patients in a timely manner. 
 
These issues call for adopting policies that effect (a) improved decision making, using synthesis 
of systematic research comparing different interventions (like Comparative effectiveness 
research),   (b) regulatory changes that would facilitate new innovative medicine available to the 
marketplace, and (c) changes in the role of HTA bodies/payers, who are responsible for 
assessing and/or paying the costs of the medicines.  In facilitating timely and faster access to 
innovative medicines by patients, researches are calling for developing a new regulatory model 
of drugs approval, containing a series of approval stages with iterative phases of evidence 
gathering and regulatory evaluation. Such a prospectively planned ‘adaptive approval’ (or 
staggered approval) approach, it is claimed, can easily be aligned more closely with patients’ 
needs for timely access to new medical technologies (See details in Eichler et al. 2012). These 
proposals about CER and ‘adaptive’ licensing are covered in section 3. The study is concluded 
in section 4.  
 
Figure 1: Model of Efficient and Effective Drugs Development Process  
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2. Declining R&D Productivity: The Economic Challenge 
R&D productivity2 has gained increased attention since the late 1990s due to an exponential 
growth of the pharmaceutical R&D expenses, and a decrease in NMEs output.3  From 1998 to 
2008, the number of NMEs approved per year declined (although it has been roughly constant 
since 2005), whereas attrition rates, development times, and R&D expenditures have all 
increased. Scannell et al. (2012)  have shown that the number of new drugs approved per billion 
US dollars spent on R&D has halved every nine years since 1950, falling around 80-fold in 
inflation-adjusted terms. Indeed, some observers have described the situation as a ‘productivity 
crisis’ (Pammolli, et al 2011). Drug attrition rates for cancer are much higher than in other 
therapeutic areas ( Hutchinson & Kirk, 2011, and Table 1).  In oncology, the success rate for 
new drugs from Phase I trial to FDA approval was around 6.7% in the period 2003 to 2011, a 
figure that is about half the rate for non-oncological drugs ( Hay, et al ). As a result of declining 
productivity, more resources have been needed to produce a constant level of new drugs. High 
costs of developing drugs, long timelines, and high attrition rates are creating pressures for 
biopharmaceutical companies towards achieving a better return on investment in order to be 
able continue with R&D programs for other potential drug candidates. High costs and time 
delays also tend to have inimical effects on patients who may have benefited from 
pharmacotherapy earlier (Quintiles, White paper 2013). 
 
Failure By Therapeutical Area
Oncology 30%
Central Nervious System 14%
Musulokeletal 8.50%
Infectious Diseases 29.50%
Cardiovascular 8.50%
Other 9.50%
      Table 1      Attrition Rates in Phase iii Trails  2011-12
 
 Source: J Arrowsmith and P Miller (2013)  
Paul et al., (2010) have analyzed  R&D productivity based on data from a recent industry-wide 
benchmarking study of 13 top pharmaceutical companies. According to Paul et al.,(2010) the 
                                                          
2
 Typically, R&D productivity is measured as the ratio of R&D output to inputs. 
3
 New Chemical Entities (NCEs) are the compounds that emerge from the process of drug discovery.  
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probability of products from a group of major companies making it to market from initiation of 
Phase I trials fell steadily from 10% in 2002–2004 to 5% in 2006– 2008, the most recent period 
for which sufficient data were available. To provide a perspective on the challenges involved in 
conducting efficient cancer clinical trials, DiMasi (2013) showed that Clinical development times 
for cancer drugs between 2006 and 2011 were 8.2 years on average, vs. 7.6 between 2000 and 
2005. In addition, only 13 percent of anticancer compounds that enter the clinical testing 
pipeline actually get approved. 
Measuring R&D productivity4 is a difficult task since the input builds comprise of heterogeneous 
and multiple sources of knowledge. The output contains knowledge spill-overs that might last for 
several years, and the available data may not take into account the quality of the NME.  The 
‘pharmaceutical value ‘equation’ can be expressed as follows (see equation 1 in Paul et al., 
2010):  
 
Where, 
WIP: the work in process;  
P : R&D productivity ; 
 p(TS) : the probability of technical success;  
V: Value.  
WIP (Work in Process) is the number of molecules in the drug discovery pipeline needed at 
each stage of development to achieve one new molecular entity (NME) launch. According to 
industry benchmarks on project success rates, there need to be about 53 projects in various 
stages in the pipeline in order to have one successful launch. The probability of success per 
stage (p(TS) can be used to define the attrition rate as (1- p(TS). Attrition is considered as the 
likelihood of a project failing to advance to the next stage in the pipeline.  It is estimated that 
about 11% of the molecules that enter pre-clinical development stage actually reach the market. 
(CT), cycle time is the total time from the initial target to selection to commercial launch. For any 
given level of R&D investment, substantially reducing CT or lowering C (such as unit costs) 
                                                          
4
 The following model is reproduced from Paul et al., 2010). 
 
RESTRAINING HIGH AND RISING CANCER DRUG PRICES 
 
would increase P (productivity). V, value in health care has been defined as health outcomes 
achieved per dollar spent (Porter, 2009). Many organization across Europe measure value as 
societal gains, which involve estimating the duration of additional life with a new medicine, 
compared with that oﬀered by standard therapy combined with an assessment of the quality of 
the life gained (Sullivan et al., 2011). 
Following the literature, we can interpret the above equation in terms of two integral 
components in the productivity equation: R&D efficiency and R&D effectiveness, expressed as 
follows:   
R&D productivity = R&D efficiency x R&D effectiveness   
= (New products / R&D costs) x (Value / New products)  
R&D efficiency = New products / R&D costs; and R&D effectiveness = Value / New products  
The goal of a highly productive R&D system is to efficiently translate inputs into the most 
desired and valuable outputs (Paul et al., 2010).  As seen from above,  efficiency is defined as 
the inverses of ratio of inputs (ideas, investments, time and money) to outputs (number of 
projects in pipeline, products launched), whereas effectiveness is the ability of the R&D 
system to produce outputs with certain intended and desired qualities (for example, this can 
include medical value to patients, physicians and payers, and substantial commercial value). 
 
2.1 Proposals for Accelerating Productivity 
Proposals for reversing the downturn trends in R&D productivity can serve as effective offset 
against cost escalations. As outlined in the productivity equation, R&D productivity is a 
combination of R&D efficiency and effectiveness. To improve R&D productivity, it is crucial to 
understand the interdependencies between inputs (such as R&D investments), output (such as 
new molecular entity launches) and outcomes (such as valued outcomes for patients) (See 
Figure 1 in Paul et al., 2010). R& D efficiency means more affordable drugs via less costly R&D. 
R&D effectiveness means more value for patients via innovative drugs, Thus, the goal of a 
highly productive R&D system is to efficiently translate inputs into the most desired and valuable 
outputs (Paul et al., 2010). The following sub-sections deal with these two aspects of R&D 
productivity. 
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2.1.1 Accelerating R&D Efficiency 
Cost-inefficiency in clinical trials is considered to be one of the leading causes of slowing 
productivity, since clinical trials represent nearly 40 percent of the R&D budget of major 
companies. According to  Pammolli et al (2011), there has been  a  dramatic increase in attrition 
rates — the proportion of failures out of the total number of projects entering any given stage of 
R&D — across all phases, especially in Phase II and Phase III of clinical trials. Also to be noted 
is that the average development time — from patenting to product commercialization — has 
increased for more recent products. As evident from Table 1 above, oncology is the leading 
therapeutic area for late-stage failures. High failure rate of oncology drugs after entering phase 
III contributes to higher average development costs. The investigation by DiMasi et al (2007) 
reveals that while the clinical approval success rates were similar for oncology and other drugs 
proportionately more oncology failures reached expensive late-stage clinical testing before 
being abandoned. Thomas (2012), found that from 2004 to 2011, the overall rate of transitioning 
from phase I to FDA approval was 6.7% for oncology, while it was 12.1% for all other 
therapeutic areas. As little as 45% of oncology therapeutics progress from phase III to NDA/ 
BLA5 versus 64% for all other areas.  
 
Studies show that drug candidates failed in clinical trials for lack of efficacy, (often because the 
underlying clinical hypothesis about how to treat the disease was incorrect), safety issues (that 
had not been predicted earlier in development), and greater proportion of drugs with novel 
mechanisms of action entering clinical trials without adequate proof-of-concept studies in 
humans (See report, President’s Council of Advisors on Science and Technology, 
PCAST report 2012).  
 
On the basis of the drug development model used by Paul et al 2010, one can distinguish the 
following factors that can contribute to enhancing R&D efficiency and NMEs (or New Chemical 
Entities (NCEs) output: (i) a reduction of attrition rates and overhead costs, (ii) sufficient work in 
                                                          
5
 New Drug Application (NDA) and Biologic License Application (BLA) approvals. 
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process (WIP)6 and (iii) the transformation of the R&D organization to one that is highly 
networked, partnered and leveraged ( Paul et al., 2010).  
Towards implementing the above changes, the following proposals  have  been suggested: (a) 
modernizing drug development process through implementing novel research partnership 
practices that  enhance early-stage R&D productivity, (b) reforming the traditional clinical trials 
design approach by incorporating  adaptive designs principles aimed at reducing trials cost; (c) 
considering alternative approaches to rewarding innovations in place of the current reliance on 
patents; and (d) restructuring the regulatory evaluation and approval pathways. The subsections 
below deal with these proposals. 
(a) Modernizing Drug Development Process and Incorporating Recent Scientific 
Advances7  
The diminishing productivity of the pharmaceutical sector has prompted a re-evaluation of the 
drug discovery process, with pharmaceutical companies and payers seeking ways to increase 
the efficiency of the innovation process and to ensure continued emergence of effective new 
medical products.  To improve efficiency,  the modernization proposal envisages strategies that 
encompass measures aimed at  (i) preventing  attrition rates in late-phase clinical trials, (ii) 
encouraging new models of collaborative and multidisciplinary research, (iii) reforming of  
clinical trials methodology and end points, and (iv) promoting informed decision making based 
upon the  evidence obtained from ‘Comparative Effectiveness Research’. Each of these is 
discussed below. 
 
(i) Preventing Attrition Rates in Late-Phase Clinical Trials 
 
One  explanation for high drug prices and falling R&D productivity is that too many resources 
are often applied to late-stage development of drug candidates with relatively low p(TS) and/or 
post-launch support of marketed products (See Paul et al., 2010).  Clinical studies are 
increasingly expensive because of the rising costs of conducting Phases II and III trials. It is 
therefore crucial to ensure that these phases of drug development are conducted more 
efficiently and cost-effectively. Through a sensitivity analysis, the authors (Paul et al., 2010) 
have shown that reductions of Phase II and Phase III attritions are the two most critical success 
                                                          
6
 That is, to build a larger pipeline of qualified leads in the preclinical stages. 
7
 The following sections under subheadings (a) and (b) are written with the assistance of Atul Bhardwaj. 
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factors for improving R&D productivity.  Several other studies have also echoed similar 
concerns (see e.g. Pammolli et al., 2011). The available evidence indicates that oncology has 
the highest attrition rate for late stage clinical trials. It has been observed that the late-stage 
attrition rate for oncology drugs is as high as 70% in Phase II and 59% in Phase III trials (Kola  
and Landis, 2004).  In view of the above findings, Kola and Landis (2004) suggest that scientific 
and technological innovations that affect efficacy and safety (factors that most significantly 
contribute to attrition in the clinic) will have to be addressed.8 One effective strategy suggested 
is to improve the ability to predict a drug’s success or failure in the pre-clinical phase.  
 
Strengthening the Pre-Clinical Phase/Translational Research   
 
Reducing failures early in development is said to be far more important than filling a pipeline 
with poorly chosen late-stage products likely to fail, and fail expensively. Studies suggest that 
only those molecular targets which are specifically associated with and relevant to disease  
need to be selected from preclinical development programs that are truly worthy of advancing to 
Phase I clinical trials and likely to meet the criteria for success in later-phase trials ( Quintiles, 
White paper 2013).The ‘quick win or fail paradigm’ (Paul et al., 2010), which means discarding 
marginally effective drugs quickly, requires information-based (like molecular profiling and 
molecular markers) early screening for both efficacy and toxicity in order to yield more predictive 
results. The selection of an inappropriate target at the start of the drug development process 
causes the spending of hundreds of millions of dollars and the wastage of perhaps a decade of 
continuous effort as the results reaped at the end of the process are disappointing. (Grundy et 
al., 2014). 
 
This points to the need for models and approaches that ensure more effective evaluation of 
novel cancer therapeutics and identification of predictive biomarkers early in drug development. 
Improved understanding of cancer biology gained through translational research enables 
scientists to define predictive markers in order to assess the effectiveness of new molecules 
and better identify the patient sub-groups that are most likely to benefit from them. It has been 
                                                          
8 The standard road to drug approval involves demonstrating safety in phase I, clinical effect in phase II and then a 
phase III randomized controlled trial (RCT) to confirm whether the experimental treatment provides a statistically 
meaningful improvement over the current standard of care ( Eisenstein, M. 2014). The problem of attrition is 
particularly acute in Phase II trials, owing to factors such as the lack of proof of relevance for the biological target in a 
given disease intervention and insufficient understanding of the dose–response relationship of the new molecular 
entity. 
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hypothesized and demonstrated that ‘Predictive’ biomarkers can provide early evidence of 
safety and efficacy – while a molecule is still in preclinical development – and can provide 
assurance that lead candidates will have a high probability of success in subsequent milestones 
potentially reducing the time and cost of drug development (Crivellente, 2011). Leveraging 
'intelligent biomarker selection' of patients to participate in early phase clinical trials has 
potential to make more efficient go/no-go decisions on product candidates at the earliest 
possible stage (Quintiles, White paper 2013).   
 
Analyzing the data from the Tufts Center for the Study of Drug Development (Tufts, 2010), 
Davies (Ch. 1 in IOM 2012) reported that 100 percent of the surveyed companies were using a 
discovery strategy that involved a genetic or genomic approach. Thirty percent required that all 
their compounds had an associated biomarker before going into clinical development. 
Pharmacogenomics, the optimization of drug therapy based on genetic information, has been 
applied to improve clinical outcomes or reduce side effects and adverse events. Incorporation of 
technological and scientific advances holds a tremendous promise in improving efficiency 
through reducing high attrition rates.  FDA’s “Critical Path Report and List” in 2006 enumerated 
the following leading areas for scientific improvement in the development process: development 
and utilization of biomarkers; modernization of clinical trial methodologies and processes; the 
aggressive use of bioinformatics, including disease modeling and trial simulation; and 
improvement in manufacturing technologies.  
 
The FDA estimates that just a 10% improvement in the ability to predict drug failures before 
clinical trials could save US$100 million in development costs per drug (FDA 2004). A recent 
study spanning 908 oncology drug candidates showed that Phases I, II, and III transition 
probabilities were 90%, 69%, and 85%, respectively,  for agents developed with stratification 
markers (n=121), compared to 76%, 51%, and 59% for all agents (Frankel Group,, 2013). 
 
Additionally, advanced imaging technologies, through earlier selection of candidates for new 
drugs, can reduce the large attrition rate in the pharmaceutical development process. Molecular 
imaging may one day be integrated with other diagnostic techniques to dramatically increase 
the efficiency and effectiveness of cancer care (Kircher et al., 2012).  
 
Modernization of the drug development process also calls for new models of research 
collaboration that can improve the probability of effective target selection and target validation. 
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The 2012 PCAST report  identifies target validation as a major problem caused by the 
knowledge gaps in translational medicine. Precompetitive research collaboration on target 
validation can serve an effective strategy for reducing high failure rates. The following 
subsection deals with this strategic issue 
 (ii) New Models of Collaborative and Multidisciplinary Research  
New models of research partnership among universities and research institutes, clinical 
research in hospitals, and drug discovery and development in the biopharmaceutical industry 
are emerging to address the decline in  R&D productivity and high attrition rates. There is a 
general agreement regarding the need of a new drug development pathway that is compatible 
with research aimed at understanding the biology of a cancer and simultaneously developing 
the ability to support the design and conduct of subsequent confirmatory trial (European 
Organisation for Research and Treatment of Cancer 2014). However, building and maintaining 
such a drug development pathway is beyond the ability of individual organizations or 
companies. Moreover, pharmaceutical companies tend to under-invest in the translation of 
biological insights into new medicines because it is at least partially a ‘public good’. This means 
that a single company financing the development of new foundational approaches to drug 
discovery cannot entirely appropriate the fruits of its work, because much of it is disseminated to 
benefit all participants (PCAST report 2012). It has been argued that new forms of partnership 
as well as an integrated model of cancer research are needed. A collaborative model,  based on 
partnerships in which the rigor and process of industrial drug discovery is combined with the 
deep understanding of disease biology from academic research centers and teaching hospitals, 
is emerging as a potential long term solution to the problem of failure of drug candidates in late 
clinical phases (Grundy, James, Bountra and Harrison, 2014). Innovative collaborations, 
drawing on the core strengths of pharmaceutical companies and academia, can address one of 
the key factors thought to underlie high attrition rates, viz., the lack of validation of novel 
therapeutic targets. (Paul et al., 2010).  
 
Incorporating cutting-edge science into new therapies, which lies at the heart of translational 
research, is a complex undertaking that requires the collaboration of multiple disciplines. 
Translational research has the potential to drive the advancement of molecular-based medicine 
and fulfill the promise of personalized medicine. The success of translational research is not 
only a function of the quality of the science but also of the collaboration between academia and 
industry, the organization and management of research and development (R&D), the public 
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policies that regulate scientific research and the connections among the key people involved 
(Ibis Sánchez-Serrano 2006.). Public and private research partnership, in addition to bridging 
the knowledge gap can improve success rate by reducing conflicts of interest, and by actively 
managing frontier technologies to maximize positive social spillovers (Stiglitz & Jaidev 2010). In 
view of the various beneficial spill-over effects of public investment, Stiglitz and Jaidev 
recommend public funding of phase III clinical trials.  Particular aspects of this proposal include 
(a) sharing the costs of this research among all stakeholders (industry, nonprofit research 
institutions and governments) to spread the risk; (b) placing the research findings in the public 
domain to disseminate, and (c) conducting the research in partnership between academic and 
industrial scientists to capitalize on their respective skills and promote collective learning and 
technology transfer. In a similar vein, Grootendorst et al., (2011), suggest that public funding of 
phase III clinical trials would relieve drug companies of the single largest cost of research and 
development (about 21%).   
 
Further, as cancer management becomes increasingly tailored to the individual, there is a need 
to investigate large populations in order to identify small but significant differences. This often 
requires national or even international collaborations (Cancer Research UK, 2008).9 The 
European Organization for Research and Treatment of Cancer (EORTC) proposes the use of 
collaborative molecular screening platforms (CMSPs) as a new approach that aims to  offer a 
high quality integrated infrastructure for efficient screening of patients with cancer for specific 
molecular alterations. In the US, Translational Research Working Group (TRWG) was 
established in 2005 to work with the cancer research community to develop recommendations 
about how the National Cancer Institute could best organize its efforts to further translational 
research.10  Structures such as practice-based research networks (PBRNs) have been 
developed as a mechanism for moving research into clinical practice.  In 2011, the NIH 
proposed the creation of an important new entity, NCATS, to serve as NIH’s catalytic hub for 
translational innovation (Bonter et al 2011).  
 
                                                          
9 Cancer Research UK’s  Research Strategy 209/10-2013/2014 
http://www.cancerresearchuk.org/prod_consump/groups/cr_common/@fre/@gen/documents/generalcontent/re
search-strategy-dnld-version.pdf 
 
10
 The TRWG defined a translational continuum and developed a “roadmap” to create a stronger research 
infrastructure to accelerate the clinical research enterprise. See the steps involved along the translational pathway 
in How cancer is studied? http://cisncancer.org/research/how_cancer_is_studied/basic/ 
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Another important recent trend is a move towards open international research partnerships to 
speed up the drug discovery process, based upon new scientific advances. The ‘International 
Cancer Research Partnership’ (ICRP) is an example of international collaboration that includes 
cancer research funders from USA, Canada, Europe, Japan and Australia. The ‘ICRP’ is a 
unique alliance of cancer organizations working together to enhance global collaboration and 
strategic coordination of research. The group operates through regular teleconferences and 
annual face-to-face meetings as well as publishing portfolio analyses and evaluation reports. 
Other examples include TRANSCAN’ in translational cancer research,’ International Rare Cancers 
Initiative’(with partners including the European Organization for Research and Treatment of 
Cancer (EORTC), the US National Cancer Institute (NCI), and International Cancer Genome 
Consortium (ICGC).  
(b) Reforming Clinical trials designs 
 
Despite our improved knowledge of genetics and cell biology, the clinical-study design has not 
kept pace with the scientific advances. Currently, clinical trials in oncology are designed to test just 
one drug at a time, and generally are focused on treating patients with advanced, metastatic 
disease, with success in metastatic disease followed by investigations in the adjuvant setting. 
This current process of drug development is considered to be appallingly slow, increasingly 
risky, costly, and inefficient procedure. It involves  more than a decade to gather the evidence 
necessary to approve a new cancer drug, and results in low success rate in  which 60% to 70% 
of late-stage cancer studies fail. (de Lartigue 2014, Menis, Hasan & Besse, 2014). Critics also 
assert that conventional randomized trials mask the benefits of good drugs that work in only a 
subset of patients. (Eisenstein 2014).  In addition to the staggering cost and poor success rate 
in new drugs development, the slow and time consuming process takes a ‘heavy toll’ in terms of 
traumatic stress and emotional distress caused to the patient and caregivers. 
Moreover, this conventional process of drug approval often fails to take into account the 
complex realities of cancer biology. Historically, clinical trials have been designed to treat 
cancers classified by their anatomic location, without consideration of molecular alterations that 
may be present in subsets of such tumors. The failure to account for individual genetics means 
that they can give rise to misleading results. (See details in Eisenstein 2014).  
The new knowledge gained from genomic research is now beginning to be used to reform how 
clinical trials are designed and conducted. Scientific innovation in the fields of genomics, 
RESTRAINING HIGH AND RISING CANCER DRUG PRICES 
 
proteomics, bioinformatics, and imaging technologies is revealing the molecular basis of 
disease while rapidly transforming the drug development process – and even starting to change 
the way we diagnose and treat patients (AACR Cancer Progress Report 2014). As recognized 
by the US Food and Drug Administration (FDA) Critical Path Initiative (2006), novel approaches 
to clinical trial and program design could have a crucial role in incorporating new advancements. 
It is suggested that clinical trials methodologies need to target 3-fold goals11: (a) more effectively 
matching of drugs to the populations most likely to benefit based on an individual patient’s 
molecular profile; (b) decrease trial costs, and (C) decrease the time from trials to drug 
approval. Some notable ongoing innovative efforts towards achieving these goals may consist 
of using the following: (i) ‘Basket and Umbrella’ trials; (b) alternative surrogate and endpoints; 
and (iii) expedited review strategies (AACR Cancer Progress Report 2014).  
 
Basket and Umbrella Trials: 
In 2006, the FDA’s Critical Path Initiative stated that the two most important areas for improving 
medical product development were biomarker development and streamlining of clinical trials. 
Multi-arm Bayesian-based adaptive clinical trials offer the possibility of both. Adaptive designs( 
that “adapt” in response to information generated during the trial) offer the potential to make 
oncology drug development more efficient and address many questions (including biomarker 
and surrogate endpoints) at once, thereby potentially reducing trial subjects’ exposure to 
ineffective treatments and allowing for more flexible, less costly incorporation of other promising 
therapies ( Alexander et al 2014).. Unlike traditional approaches, the Bayesian approach uses 
both the evidence that accumulates over time (eg, interim clinical trial data) and prior 
information (literature or previous relevant studies). Prior information is combined with the 
current data to obtain a “posterior distribution” (a term for the probability of an event that is 
conditional on the prior information and current data) which is analyzed and used to draw 
conclusions (National Pharmaceutical Council, 2012).  
 
Two examples of the complex adaptive randomized  trials design based on Bayesian predictive 
probabilities include, the I-SPY 2 study in breast cancer and the ‘Biomarker Approaches of 
Targeted Therapy’ for Lung Cancer Elimination (BATTLE) study for non–small-cell lung cancer 
(Alexander et al 2014).  Such trials can take the form of basket or umbrella trials. Basket trials 
                                                          
11
 This is adapted from Carter. J.L.(2014): New Clinical Trials Designed to Better Leverage Precision Medicine, 
March 2014 Edition | Vol. 8, Issue 3, http://www.n-of-one.com/obrgreen/obr_vol8_issue3.php 
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aim to test one drug or one particular genetic mutation across multiple organs. Umbrella trials 
seek to test a drug or drugs across multiple genetic mutations within a particular type of cancer. 
For example, both I SPY-2 and BATTLE-2 are umbrella trials in breast and lung cancer, 
respectively (AACR Cancer Progress Report 2014). BATTLE-2 and the I SPY-2 are two 
examples of clinical trials aimed at matching the correct therapy with the correct patient subset 
(See AACR Cancer Progress Report, 2014). In each of these unique clinical trials, a patient’s 
tumor is examined for unique signatures called biomarkers. The biomarker signatures are used 
to simultaneously test and match multiple investigational therapies to individual patients, thus 
maximizing the number of patients likely to benefit. Experimental arms are dropped early in 
phase II if they fail to be effective in any subset of disease.  Biomarker based trials have 
numerous efficiencies, but the major efficiency is enabling a phase III trial that is smaller than is 
traditionally needed, because in an adaptive trial only patients most likely to respond are 
included in the study(See  details in American Association for Cancer Research, 2011, 2014).  
In the near future the trend towards combining clinical practice and clinical trials will also mean a 
completely different regulatory perspective and an entirely different business model for 
companies. 
 
Expedited Review Programs for Oncology Drugs 
In order to reduce the time needed for the trial to continue before a clear result can be achieved, 
the two efforts need to be made. They include using alternative or surrogate endpoints12 and 
FDAs expedited review strategies (AACR Cancer Progress Report, 2014). There are four 
evidence based strategies to expedite assessment of therapeutics for life threatening cancer. 
These strategies are: (i) Accelerated Approval, (ii) Fast Track, (iii) Breakthrough Therapy, and 
(iv) Priority Review(See page 40 for details on these, in AACR Cancer Progress Report , 2014, 
see also section 5 below on regulatory reforms). These programs complement one another and 
serve the common goal: to speed up the approval of effective treatments for serious conditions. 
Expediting the development of promising agents through use of these programs often entail 
smaller trials, which pose both efficacy and safety risks (Klutz & Donoghue, 2014). 
                                                          
12 A surrogate endpoint as is defined as  a biomarker intended to substitute for a clinical endpoint. See 
Cohn JN (2004). "Introduction to Surrogate Markers". Circulation (American Heart Association) 109 (25 
Suppl 1): IV20–1. 
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Through advances in Next Generation Sequencing technologies, it is becoming increasingly 
feasible to quickly and efficiently generate a molecular profile of each patient’s tumor. Under this 
paradigm, data from clinical trials can be used more expeditiously to adjust participation and 
improve clinical trial metrics (Carter 2014).Various technological advances in DNA sequencing 
have dramatically increased the number of known cancer-associated genomic alterations. 
Enormous research efforts will be needed in the fields of computational biology and 
bioinformatics in order to efficiently mine the enormous amounts of information generated by the 
genomic analyses of tumors and to identify the genomic alterations most likely to yield 
therapeutic targets with the potential to benefit patients.   
 
(c) Promoting Prize-scheme as an alternative to the Current Patent system 
An increasingly complex patent landscape that blocks innovation results in poor incentives to 
share research and provide access to knowledge and few capital market incentives to invest in 
translational products that have low commercial prospects. However, it may yield useful 
scientific information for follow-up research efforts. (Love & Hubbard 2009). Most studies have 
noted that the prevailing patent rights environment presents an inherent trade-off between static 
inefficiency (which relates to the pricing of a product about to enter) and dynamic efficiency 
(which relates to product innovation as applied to future market conditions).  
 
According to Love and Hubbard (2007), the prize mechanisms should be thought of as part of a 
larger ecosystem of financing medical R&D and should be implemented in combination with 
other instruments, such as direct or indirect government funding of basic research, non-profit 
product development partnerships (PDPs), clinical trials, and other traditional and non-traditional 
types of funding R&D. What the prizes offer uniquely is an alternative to the marketing 
monopoly as an incentive for private investment. The elimination of marketing monopolies, the 
de-coupling of R&D incentives from product prices to the consumers13, and the creation of an 
evidence-based reward system linked to changes in health outcomes will lead to significant 
reductions in expenditures to market products, the area of the largest waste in the current 
system. (See Love & Hubbard 2007). 
 
                                                          
13 If you can divorce the incentive for innovation from the product's price to consumers, knowledge 
goods, including the R&D for a new medicine, can be placed in the public domain immediately.(Love and 
Hubbard, 2007)  
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To improve effectiveness of R&D(and hence productivity), Love & Hubbard (2009) have  
recommended that  rewards can be directly linked to the improvements in health outcomes 
when benchmarked against existing treatments rather than rewarding the replication of benefits 
already available from existing products. This has the benefit of driving investment toward 
treatments that address unmet needs. The elimination of the product monopolies and the 
enabling of generic competition will also lower prices, reducing treatment costs and personal 
hardships, while expanding access. It is also possible to design prizes to reward and encourage 
collaboration and the sharing of knowledge, materials and technologies. Under Prize funds 
scheme, rewards for innovation are geared to the proven therapeutic value of a drug (Faunce & 
Nasu 2008; Stiglitz 2006; Love & Hubbard 2007). Although controversial, the prize fund 
mechanism inter alia is now acknowledged in the WHO Global Strategy Plan of Action as a 
viable mechanism for development.  
 
The study by Gagnon (2010) has advocated the implementation of a prize-system for innovation 
in Canada. In Gagnon’s view, Canada deliberately sets its drug prices high to encourage 
research and development on Canadian soil. The total R&D spending by the industry is $1.31 
billion, 59% of which consists of tax subsidies. Canada would benefit greatly from using this 
money instead of encouraging pharmaceutical R&D by funding new types of incentives, for 
example, through public innovation (Gagnon 2010). 
 
Controlling rising drug cost requires the countries to capture and appraise the totality of reliable 
evidence that addresses the efficacy and safety of medical intervention (Lyman 2012). Shared 
decision making, in which patients and health professionals collaborate, is considered to 
increase the effectiveness of the treatment (See details in Coulter et al., 1999). Evidence-based 
information is a precondition for informed decision-making and participation in health. Informed 
decision making becomes quintessential for effective treatment. The following subsection deals 
with this aspect.  
 
2.2: Improving R$D Effectiveness 
Analysts have expressed concerns about the quality of new medicines. The real innovation 
crisis, Light and Lexchin ( 2012) state, stems mostly from current incentives that reward 
companies for developing large numbers of new drugs with few clinical advantages over 
existing ones. A greater need is now being felt for channeling R&D resources towards 
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innovative medicines.  The accelerated pace of scientific discovery and  rapid advances in 
cancer care, have underscored  the need for evidence to assist patients and physicians, among 
others, in making decisions about clinical effectiveness and risks of a health intervention. 
Theses stakeholders also want to know whether the intervention’s health benefits are 
commensurate with its costs—that is, whether it delivers value.  
 
Effectiveness may refer both to the cost effectiveness (the incremental therapeutical value of a 
new drug in relation to incremental cost), and to higher quality of medicine for individual patients 
developed by utilizing pharmacogenomics knowledgebase. There are therapies that are much 
more effective in particular patients because they’re based on a better understanding of the 
mechanisms of cancer in particular patients.  In areas especially like cancer therapy, there is  
both promise for more effective and personalized therapies, as well as growing pressures to 
reduce costs. Effectiveness of Pharmaceutical R&D can thus be improved through measures 
like (i) using evidence from Comparative Effectiveness Research, including cost effectiveness 
criteria, and (ii) developing personalized medicines.  The Comparative Effectiveness  Research 
can  be used by a range of decision makers, including government regulators determining 
whether to license a new medical product, policy makers and payers deciding what 
interventions health plans should cover, and individual providers and patients choosing 
treatments (Garrison et al 2010b). The following subsection deals with the need for developing 
evidence based information for pricing and for adopting ‘patient-centered outcomes’ approach.   
2.2.1 Using Evidence-based Decision Making: Incorporating Cost and Clinical 
Effectiveness 
One of the significant obstacles to improved patient care, at a reasonable cost, is the relative 
lack of real-time access to current, comprehensive patient medical information that is easily 
retrievable for patients, healthcare providers, and healthcare payers. Physicians and payers 
alike are demonstrating increased interest in the use of evidence-based medicine (EBM), or 
implementing of treatments that have proven track records of delivering desired results in 
specific patient populations. With the variety of oncologic treatments, diseases, and 
presentations, oncology has been described as depending on evidence-based decision making, 
possibly more than any other medical specialty (American Society of Clinical Oncology, 2007). 
With a trend toward health care absorbing an ever-larger fraction of government and private 
budgets, countries are facing mounting pressure to consider effectiveness of a treatment 
relative to its costs or to the costs of alternative treatments.  With CE (comparative 
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Effectiveness) as a tool to evaluate not only bottom-line effectiveness for patient outcomes, but 
cost effectiveness as well, it is likely that this pressure will continue to grow (American Society 
of Clinical Oncology 2009). American College of Physicians(2008) has called for cost-
effectiveness analysis — assessment of the added improvement in health outcomes relative to 
cost — to be on the agenda for Comparative Effectiveness Research (See also Garber 2008). 
Adopting any treatment that improves health outcomes, no matter what the cost, can worsen 
allocative inefficiency by paying dearly for small health gains (Chandra et al 2012).14 CER can 
be viewed as combining elements of clinical effectiveness (CE), cost effectiveness analysis 
(CEA), and pragmatic trials in which benefits of treatments in routine clinical practice are 
assessed. 
Cost Effectiveness and CER 
In order to reduce medicine costs to consumers as well as to provide reasonable and directed 
incentives for research-based pharma, economists have advocated for the role of value based 
prices in rewarding genuine innovation (Husereau & Cameron, 2011b).  A value-based system 
determines initial drug price that considers cost-effectiveness data. Value-based pricing has 
been advocated as a method of improving the affordability of cancer therapy (See details in 
Sullivan et al., 2011). Value-based pricing system intends to improve the cost-effectiveness of a 
medicine, and therefore allows HTA bodies to recommend treatments which they would 
otherwise have deemed not cost-effective.  The primary measurement tool in cost effectiveness 
is the “incremental cost-effectiveness ratio” (ICER) - the ratio of incremental cost of a new 
intervention versus the standard of care (the numerator) over the incremental health benefits 
(the denominator). (Garrison, 2010, Sullivan et al., 2011, among others). The denominator is 
measured by the “quality-adjusted” life-year (QALY) or “utility.  The metric, cost per QALY 
gained, and a threshold (expressed per QALY) can be considered a basis for “value-based 
pricing” and reimbursement. Prices could be set at launch based on this standard and the 
projected incremental QALYs per treated patient and then be revised over time as better data 
became available on the actual QALYs delivered. It is recommended that VBP regulation would 
                                                          
14
 Allocative Efficiency determines whether health care spending is at the correct level.  Should 
we increase health care spending or instead spend those resources on education, roads or R&D? 
Allocative inefficiency would arise when e the forgone (non-health) consumption involved 
exceeds the value of improved health. See diagrammatic description in Chandra et al 2012. 
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establish a maximum price for a pharmaceutical based on an ex ante evaluation for new 
products and a rolling expost evaluation of existing products. Garrison Jr, (2010) stresses the 
need to develop new approaches and tools that take in to consideration the entire product life 
cycle on a global basis.  
 
Value-based pricing systems reward and incentivize development of drugs that substantially 
improve outcomes, but not subsidize development of me-too or marginally eﬀective new 
treatments (Sullivan et al., 2011). More effective drugs may lower medical costs through 
downstream eﬀects, such as decreasing demand for other medical services, inpatient care, and 
might also lead to a decrease in relapse episodes. Secondly, cancer-related indirect costs may 
decrease due to increased survival, decreased morbidity and less informal care time 
(Hofmarcher, Jonson & Wilking 2014). In order to enable access to new medicines that have a 
higher cost/QALY than the prescribed threshold, the UK and other European nations have 
introduced PAS(risk sharing)  schemes in which   drug companies agree  to reduce the 
transaction price of a drug to the NHS while maintaining the list price of the drug. 
To improve evidence about the comparative effectiveness of alternative treatment, the US 
Congress appropriated $1.1 billion toward accelerating comparative effectiveness research 
(CER) as part of the American Recovery and Reinvestment Act (ARRA) of 2009. The American 
Recovery and Reinvestment Act (ARRA) of 2009 allocated a $1.1 billion “down payment” to 
support comparative effectiveness research (CER). ARRA aims to provide support for 
comparative-effectiveness research (CER) which has recently been referred to as “patient-
centered outcomes research.” The National Cancer Institute (NCI) has funded seven research 
teams to perform projects on CER in genomic and precision medicine to begin filling in this gap 
in knowledge, develop novel methodological approaches, and address necessary data 
infrastructure needs (Simonds et al., 2013). To empower European citizens, the ECC has 
created a European Cancer Patient’s Bill of Rights, which defines fundamental pan-European 
quality standards for provision of information, access and delivery of cancer care and research 
to European citizens (Lawler, et al., 2014). 
 
In the CER approach, the quality of the intervention is judged solely on the basis of outcome 
parameters such as survival, quality of life, and so forth. Cost can be considered as an outcome 
parameter but is not necessarily a component for comparison. In the medium to long term 
future, increasing health care costs would create a need for considering cost effectiveness when 
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deciding which health care services insurance should cover or how much to pay for them. 
Emphasizing the need for considering the cost aspect along with comparative effectiveness 
research, Chandra et al. (2011), remark that, “Comparative effectiveness research and its half-
sibling cost-effectiveness research will provide a solid foundation for reform, once politicians 
and voters understand how dismal the alternative is.”(P43) 
 
2.2.2. Personalized medicines.  
 
Studies have described the ‘blockbuster model’ of drug development as inefficacious 
(benefitting only slim majority of the prescribed population), and highly expensive requiring large 
trials (Ferrara. J. (2007). Medical research has demonstrated that each tumour has a unique set 
of genetic aberrations and molecular changes. Some of these genetic and molecular 
characteristics have been termed biomarkers since they can mark how well a tumour will 
respond to certain treatments or how quickly the disease will progress. The goal of biomarker 
research in oncology is to personalize cancer treatment based on individual tumour 
characteristics (Carter & Lokere, 2010, Mak. T. Report Card of cancer in Canada, 2013). In an 
ideal scenario, each tumour is tested to identify its unique biomarker profile and that information 
helps to inform decisions about prognosis and treatment. Today subgroups of patients may be 
optimally selected based on prognostic and/or predictive biomarkers (Burock et al 2013).15 The 
strategic use of tumour biomarker profiling can help spare patients from the lost time and 
potential side effects that come from trying a medication that is unlikely to be effective. Further, 
tumour biomarker profiling can produce significant savings on a national scale (Carter  & 
Lokere, 2010).  
Personalized medicine offers apparently clear clinical advantages -- a biomarker points directly 
to the most appropriate therapeutic intervention.  Pharmacogenomics, -- the ability to test for 
variations in genes and their expression through molecular diagnostics and then to treat with 
targeted drugs - is now considered as an essential  tool for optimizing both the development and 
clinical utility of drugs. In 2005, the FDA created guidance for drug developers to link biomarkers 
to therapeutics in the clinical development process (Ferrara, 2007). 
 
                                                          
15
 Biomarkers can be broadly of three types: Predictive – a factor that can be used to predict response to a 
drug;  Prognostic – a factor predictive of disease outcomes, irrespective of treatment; Pharmacologic – a factor 
that can be used to demonstrate drug activity/MOA(drug mechanism of action). See Quintiles(2010). 
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The targeted interventions have the potential for increasing the effectiveness of cancer 
therapies while reducing the frequency of treatment-related complications (Lyman 2012). The 
promise of personalized approaches includes more effective therapies and improved treatment 
outcomes, and spares patients the toxicity and cost associated with ineffective treatment. In 
some cases, although diagnostic tests themselves might be expensive, their use may be cost-
saving from a societal perspective (Sullivan et al 2011). Genomics technologies, 
notwithstanding the rising complexity and low productivity to date, once translated to 
clinical care, promise significantly improved outcomes through cost-effective interventions 
and prevention (Carlson 2009). According to its National Cancer Institute, France has saved 
hundreds of millions of euros since it set up a network of 28 hospital-linked centers across the 
country to analyze the molecular diagnostics of cancer patients ’ particular tumors, The free 
testing, operated by the institute and the Ministry of Health, aims to ensure that new targeted 
therapies are prescribed only to individuals who will actually benefit (Keogh 2012). In the UK, 
the Stratified Medicine Program’s aim is to help establish a national service to “ensure 
standardized, high-quality, cost-effective genetic testing of tumors available to people with 
cancer. The UK ’ s Technology Strategy Board is also investing as much as £75 million in 
research and development grants to help develop “stratified” cancer treatment over five years ( 
Keogh 2012).  
 
Garber and Tunis (2009) believe that CER offers a way to hasten the discovery of the best 
approaches to personalization and will provide better information which will help to craft a 
management strategy for individual patients. Sox and Goodman (2012) believe  that CER must 
identify clinical characteristics to predict which intervention would be most successful in an 
individual patient as well as subpopulations of patients that are more likely to benefit from one 
intervention than the other.   
 
Some Economic Aspects of Personalized Drug Market 
Trusheim and Berndt (2012) have analyzed the economic/financial viability of stratified medicine 
versus the empiric medicine (a medicine prescribed to all patients with a particular condition) 
using Net Present Value Analysis. The authors have demonstrated (with simulation exercise) 
that with current incentive structures, the segmenting and sub-segmenting of a disease, as 
under a stratified medicine system, runs the risk of making therapeutic markets too small to be 
economically viable. Their analysis shows that in the absence of significant pricing and total 
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oncology outlay flexibility by payers, private sector investment in small oncology segments, and 
in stratified medicine generally, may not prove to be economically sustainable, thus endangering 
the translation of scientific advances into bedside medicines. Trusheim and Berndt (2012b) 
suggest that, beyond increasing reimbursement, decreasing development cycle time and costs, 
or both, would most directly improve the economic incentives facing drug developers. Their 
analysis suggests that policy tools such as accelerated approvals, adaptive licensing, and novel 
clinical trial designs appear most promising to effect these changes.   
 
3. Regulatory Reforms: Adaptive Licensing 
To achieve the goal of speeding patient access to needed therapies, regulators and HTA 
bodies/payers around the world have been actively pursuing various approaches to ensure the 
timely availability of important medicines to the needy patients. The UK has set up a special 
program called the Early Access to Medicines Scheme (EAMS) to speed up development of 
new treatments in areas of high unmet medical need. In parallel, the European Medicines 
Agency (EMA) launched a pilot project in adaptive licensing. The Massachusetts Institute of 
Technology’s (MIT) NEWDIGS (New Drug Development Paradigms) programme is working to 
build a shared view of what evidence is needed to support the development of new pathways 
bringing all stakeholders together under safe harbour agreements to build relationships between 
multiple parties to push adaptive pathways forward (See Vital Transformation, 2014). The 
broader concept of Medicines Adaptive Pathways to Patients (MAPPs) has been adopted as it 
embraces all elements of the switch from basing marketing approvals on retrospective trials. It 
takes a prospective approach in which a drug is approved in a niche indication and then brought 
into wider use on the basis of iterative phases of real world evidence gathering (Vital 
Transformation, 2014).  
The basic tenet of adaptive licensing is premised on the assumption that knowledge of a 
particular technology is not binary and evolves over time. As such, these proposals for reform 
move away from a ‘one time’ licensing approach with a ‘magic moment’ of approval to a 
licensing process involving several smaller steps. Precursors to adaptive licensing already exist 
in a number of forms including Food and Drug Administration’s (FDA) Accelerated Approval and 
European Medicines Agency’s (EMA) Conditional Marketing Authorization; FDA’s Risk 
Evaluation and Mitigation Strategy and EMA’s Risk Management Plan; FDA’s Sentinel Initiative 
and EMA’s Periodic Safety Update Reports; and EMA requirements for Five Year Reviews of 
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new products (See Workshop-Summary 2012). EMA recently changed the name of its pilot 
project from adaptive licensing to adaptive pathways.  
It is conjectured that adaptive licensing (AL) could bring the data requirements of regulators and 
Health Technology Assessment (HTA used for reimbursement decisions) bodies closer than 
ever before. It means that pharmaceutical countries may have greater certainty that their drugs 
will be reimbursed (Finn. K. 2013). The concept is built upon the conditional market 
authorization (EU) and accelerated market approval (USA)16 regulatory routes in which products 
are licensed earlier than they would normally be on the condition that the manufacturer would 
carry out additional post approval studies.  
 
AL (Adaptive licensing) should reduce expensive late-stage attrition and post-market 
withdrawals. Earlier and better-informed product viability decisions added together should 
address many of the root causes of the overall high costs of product development and sustained 
return. AL should not be expected to reduce overall attrition rates during drug development 
(e.g., due to target failure), but it may reduce the overall cost of development by allowing better- 
informed decisions on product viability to be made earlier in the development process.( Eichler 
et al . 2012). Elements and technologies that support a new adaptive drug licensing paradigm  
include:  biomarkers and surrogate end points; infrastructure for proactive drug safety 
monitoring; electronic medical records; new clinical trial designs in which safety and efficacy are 
decoupled to optimize study designs for optimal knowledge generation; and tools to enable 
appropriate utilization of new drugs.  
 
For adaptive approval to be a viable approach, it would be necessary to have mechanisms to 
ensure that (1) drugs are prescribed largely to patients for which they have been approved at 
the time; (2) evidence whether drugs’ risks and benefits is generated on an ongoing basis, 
including through randomized controlled studies, pharmaco-epidemiological data, and robust 
monitoring after initial approval; and (3) drugs with incomplete follow-up studies and monitoring 
or drugs demonstrating an unfavorable risk-benefit balance can be readily removed from the 
market.  
                                                          
16 In the USA, the current fast track approval process, known as, ‘Accelerated Approval and SMU’(drugs intended 
to address unmet medical need, also referred to as a Special Medical Use (SMU) can be viewed as specific 
instances  of the concept of adaptive approval. (PCAST 2012) 
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There is also currently a gap between the evidentiary standards required by regulatory agencies 
and payers for assessing the benefits and risks of a therapeutic. This gap often delays access 
for patients to new, high- value treatments; compromises the quality of our knowledge about 
new products; and increases risks and uncertainties associated with the innovation process. 
Innovative approaches such as AL and Coverage with Evidence Development (CED) 
respectively, if designed and implemented jointly, have the potential to bridge this gap 
(Workshop-Summary 2011). While AL and CED have been two traditionally distinct areas of 
pharmaceutical policy, the Center for Medical Technology Policy (CMTP) and the NEWDIGS 
(New Drug Development Paradigm) program led by the MIT Center for Biomedical Innovation 
(CBI) have expressed the need to explore potential approaches to integrate AL and CED 
(Workshop Summary 2011).  
4. Summary and Conclusions:  
Rising cancer drugs prices have become a matter of grave concern both for public payers and 
patients in particular. From their studies, many professionals have expressed the view that the 
huge expenses involved in research and development (R&D) are mostly responsible for the high 
costs of cancer drugs. 
 A recent analysis has shown that the number of new drugs approved per billion US dollars 
spent on research and development has halved every nine years since 1950, falling around 80-
fold in inflation-adjusted terms (Scannell et al 2012). The available evidence indicates that 
approved oncology drugs were more often the first-in-class than was the case for drugs in other 
classes. However, compared to other drugs, a higher percentage of oncology drugs failed after 
entering phase III testing (DiMasi and Grabowski 2007).   
Issues like cost escalations, productivity slow down, proliferation of ‘me too’ drugs, increasing 
‘translational gap’ have raised serious concerns  about the efficiency, effectiveness and 
sustainability of the entire drugs development process - from clinical trials stages to regulatory 
approval phase. Under the present scenario, stakeholders have expressed a strong and 
inevitable need for developing new therapies that are safe, effective, and affordable. In recent 
attempts to improve the drugs' development performance, policy initiatives in Europe and USA 
are aiming to improve at least three performance metrics, viz., safety, efficacy (including shorter 
development times), and effectiveness.  
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Utilizing the R&D productivity model of Paul et al (2010), this paper analyzes both the 
efficiency and effectiveness aspects of the drug discovery and development process.  Improving 
efficiency calls for adopting strategic measures that modernize the drugs development process, 
including the introduction of novel clinical trials designs.  Among the most commonly agreed 
strategic initiatives mention may be made of open model of  research partnerships between 
academia and  pharmaceutical companies, stronger reliance  on precompetitive research at 
early stages of drug discovery, and the use of novel ‘Adaptive Design’ of clinical trials. New 
models of research collaboration are needed to bridge the knowledge gap and to improve better 
understanding of how best to apply biomarkers and genomic medicine in the future for Phase I 
studies. The challenge before us is to develop streamlined and directed approaches that can 
rapidly generate the biological insights and that will allow cancer genome discoveries to be 
translated to the clinic (Chin et al., 2011). In addition to improving R&D efficiency, policies in 
most countries have emphasized the rationale to link prices of the new medicines to their 
therapeutical value.  The application of this value-based pricing approach (VBP) is expected to 
incentivize the development of more cost effective drugs.  Additionally, the emergence of 
“Personalized medicine,” being made possible on account of the advances in a wide range of 
fields from genomics to medical imaging and to regenerative medicine, is holding a great 
promise of allowing patients to be treated and monitored more precisely and effectively in the 
ways that will better meet their individual needs. 
Increasing public investment in biomedical research is needed so that frontier technologies are 
as much in the public domain as possible at the outset. Further, the complex advances in 
biomedical research have created immense uncertainty about the clinical utility and safety of 
new applications, eg. genomic applications for cancer treatment. Comparative Effectiveness 
Research (CER) can provide evidence to clarify this uncertainty, and to help evidence-based 
decisions by describing potential challenges and opportunities. Furthermore, it is widely held 
that accelerating innovations in the creation of safe, effective, and affordable medicines will also 
require improvements in the nation’s regulatory processes for drug evaluation. Regulatory 
systems need to play a critical role in promoting efficiency and directing innovations toward 
socially beneficial output. More informed regulatory decisions will  be needed in the near futures 
based on CER evidence. Another challenge is to develop innovative approaches that facilitate 
faster approval of drugs without compromising with the safety standards. It is also expected that 
the ‘adapting licensing’ approach will replace the traditional, long dawn out regulatory process.     
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As a final note, it is important to recognize that a complete understanding of human (disease) 
biology will still be required before many real breakthrough medicines emerge. Finding 
molecules with high efficacy and low toxicity for effective treatment is extremely a difficult task 
that calls for addressing the gap between basic research and commercial projects with 
‘translational research’. (PCAST report 2012, and Scannell, et al., 2012). The vast majority of 
currently approved drugs act against only a few classes of proteins (such as proteases and 
kinases). Scientific advances are, however, paving the way for developing safer and highly 
effective oncology drugs in the near future.  
The necessity of expediting the clinical applications of new advances is now being felt more 
than ever before for the sake of large scale public sector investment in basic research, 
developments in translational medicines, and regulatory reforms for advancement of drug 
development science (DiMasi and Grabowaski 2007). What is needed at this time are open and 
integrated partnerships at global scale as well as research collaborations between academia 
and the Pharma industry (large and/or biotech).   
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